We describe a rapid particle-enhanced turbidimetric immunoassay for albumin in urine. Intra-and interassay CVs were <5% and <10%, respectively, the detection limit is 2 mg/L, and the working range extends to 200 mg/L. Mean analytical recovery of albumin added to centrifuged urines was 100% (SD 10.6%), and, when results were compared with those by the Pharmacia AlA, the correlation coefficient was 0.99. The working reagents are stable for at least six months; thus this assay is suited for both batch and urgent analysis. 
Heretofore, methods for measuring low concentrations of albumin have been confined to heterogeneous immunoassays involving various labels such as radioisotopes (5), enzymes (6) , and fluorophores (7) . More recently, homogeneous immunoturbidimetric methods have been described (8, 9). Here we describe the development and validation of a rapid latex particle-enhanced immunoturbidimetric assay (PE'rhA), that can be adapted for use with most automated instruments in the clinical laboratory.
MaterIals and Methods

Materials
The latex particles were from E.I. du Pont de Nemours, Wilmington, DE. Human albumin was from Behring, Somerville, NJ. Antiserum, raised in goats against human albumin, was obtained as the IgG fraction from Atlantic Antibodies, Scarborough, ME 04074.
The latex particle-antibody conjugate was produced with 40-nm (diameter) latex particles, based on the polyvinyl naphthalene core described by Litchfield et al. (10) . The chemically reactive shell was prepared with a mixture of 2-vinylnaphthalene and chloromethylstyrene (90/10 by vol). The IgG fraction of the antiserum was mixed with the latex particle suspension to yield a final immunoglobulin concentration of 4 gIL in phosphate buffer (15 mmoltL, pH 7.5) containing, per liter, 0.5 mL of GAFAC RE61O, surfactant (GAF Corp., Wythenshaw, Manchester, U.K.) and 5 g of particles. The mixture was incubated at 37#{176}C overnight, 
Procedures
The assay protocol for all the experiments is similar to the final protocol described below, with appropriate variation of the conditions. Effect of buffer type, concentration, and pH. The effect of pH on the rate of aggregation was assessed by using various buffers in the pH range 6.0 to 10.0. The reaction was monitored by using antibody-coupled particles in the presence and absence of urine sample. The maximum aggregation in the presence of urine was noted at pH 7.4, none was noted in the absence of urine. Nonspecific aggregation did not occur at any point within the pH range studied.
Effect of polyethylene glycol. We investigated the effect of PEG 8000 (Union Carbide Corp., Danbury, CT) on the rate of reaction, using concentrations ranging from 0 to 40 g/L in the final reaction mixture. The 10 g/L concentration finally chosen was a compromise between the turbidity produced with added sample and the speed of the reaction.
Antibody loading on particle. Antibody was coupled to particles in a series of experiments covering a protein: particle ratio ranging from 0.5 to 4.0 g of antibody per 5 g of particle per liter of reagent. Each antibodyparticle reagent was then used to establish a calibration curve in the assay. The detection limit was lowest and the equivalence point highest with 4 g of antibody per liter loaded onto the particle reagent.
Results
Precision.
We assessed within-run precision by analyzing 19 aliquots of each of three different urine specimens. We assessed between-day precision by analyzing one aliquot of each of the three pooled specimens of urine on 20 consecutive working days. Aliquots of the urine were stored at 4 #{176}C until use. We calculated the CVs by using a calibration curve prepared on the first day of the month and also by using a curve prepared on each of the 20 days (Table 1) . Calibration range, stability, and detection limit. Isotonic saline containing 1000 g of human albumin per liter was serially diluted with saline and assayed. Figure 3 .
Recovery of albumin. A stock of pure human albumin, prepared in isotonic saline containing 10 L of Brij per liter, was used to supplement 10 urine samples with three concentrations of albumin. On assay the mean analytical recovery was 100% (SD 10.6%) when the samples were centrifuged before analysis and 96% (SD 33.4%) when they were not.
Comparison with nonenhanced turbidimetric immunoassay. Using the same antiserum, we developed a direct immunoturbidimetric assay based on conventional criteria (12). A 20-uL sample was needed to give an acceptable signal when the sample was mixed with 125 uL of antiserum diluted 50-fold in phosphate buffer (100 mmolJL, pH 7.4) containing 40 g of PEG 6000 per liter. The calibration curve is compared with that of the particle-enhanced assay in Figure 4 , and demonstrates the improvement in signal and larger assay range that the latex-enhanced assay provides.
Discussion
The use of particles as labels in the design of homogeneous immunoassays is well described. Various particles have been used for this purpose, including erythrocytes (13), bacteria (14), gold sols (15), and latex (16). Despite the large amount of literature on this subject that has appeared during several decades, only relatively recently have lightscattering immunoassays been introduced for the quanti- 27.7 2.7
9.7
Albumin (mg/L) The stability of covalent coupling of antibody to particle was demonstrated by Price et al. (17) in a rapid assay for C-reactive protein; the working reagent, and hence calibration curve, were found to be stable for at least 16 weeks. Our albumin assay confirms this, because precision and calibration curve stability were easily maintained during the six months studied. Most analyzer systems are now capable of storing calibration-curve data and therefore this stability has many practical benefits, including decreased reagent and calibration material usage together with faster delivery of results.
The assay presented here for albumin in urine is precise, and results compare well with those by an established RIA. The detection limit in the presented assay is 2 mg/L, but it can be decreased further to 0.5 mg/L or less by increasing the sample volume and re-optimizing the assay. This assay covers a wide range of albumin concentrations, 5 to 200 mg/L, and achieves a far greater signal than does the direct (nonenhanced) immunoturbidimetric assay (Figure 4) . This increased sensitivity results in superior precision and the opportunity to maintain good analytical performance with use of less-sophisticated photometric equipment. This type of assay can therefore be readily adapted for use outside the laboratory-for example, with use of a hand-held microtiter-well strip reader.
Viberti and Vergani (18) described a simple direct latexagglutination assay that they claimed gave a "positive answer" in the range 25-166 mgJL. 
